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Summary
Objective: It is usually suggested that life expectancy of top athletes especially in endurance
sports is longer than that of sedentary people. On the other hand, heart rate recovery (HRR)
after exercise is an independent risk factor for cardiovascular disease and mortality, but dif-
ferences in HRR between various top athletes are unclear. We examined HRR in various top
athletes to clarify a role of HRR that may affect their life expectancy.
Methods: HRR was deﬁned as the difference between the heart rate at peak exercise and that at
2min after the ﬁnish of exercise using symptom-limitedmaximal graded bicycle ergometer exer-
cise testing. The relationships between HRR with the grade of static and dynamic component
of classiﬁcation of sports, age, and body mass index (BMI) were estimated.
Subjects: The subjects were 720 male athletes participating in the National Sports Festival
Japan in 2005—2008 and age-matched 28 sedentary controls.
Results: HRR was signiﬁcantly correlated (p < 0.0001) with the higher grade of dynamic compo-
nent of sports, younger age, and lower BMI in both univariate and multivariate analysis.
Conclusions: HRR of top athlet
younger age, and lower BMI.
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diology. Published by Elsevier Ltd. All rights reserved.
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ntroduction
t is usually suggested that life expectancy of top athletes
specially in endurance sports is longer than that of seden-
ary people [1—3]. On the other hand, the extent of heart
ate recovery (HRR) after exercise has been shown to be
n independent risk factor for cardiovascular disease and
ortality in healthy adults [4—6]. However, differences in
RR of elite athletes among various sports categories are
nclear. The purpose of the present study was to examine
he differences in HRR of elite athletes with various sports
ategories and elucidate the determining factors of HRR.
ubjects
he subjects were 720 male athletes participating in the
ational Sports Festival Japan in 2005—2008 aged 14—40
ears (mean age: 20.1± 5.6 years). Additionally, 28 age-
atched male sedentary controls (mean age: 20.7± 5.4
ears) were estimated. The athletes included 13 archers,
0 ice hockey players, 8 weight lifters, 14 canoeists, 30
eld hockey players, 7 riﬂe shooters, 4 golfers, 60 soccer
ootballers, 3 synchronized swimmers, 5 downhill skiers,
cross-country skiers, 9 sailors, 30 softball players, 21
ennis players, 53 basketball players, 18 badminton play-
rs, 44 volley ball players, 65 handball players, 24 ﬁgure
katers, 8 fencers, 5 bowlers, 36 rowers, 2 boxers, 14 rugby
ootballers, 9 martial artists, 14 cyclists, 10 judoists, 23
wimmers, 8 sumo wrestlers, 28 gymnasts, 4 table tennis
layers, 37 long distance runners, 4 equestrians and 47 base-
all players. Written informed consent for this study was
btained from all subjects. Approval of the study was also
btained from the Research Ethics Committee of Yokohama
ity Sports Medical Center.
ethods
lassiﬁcation of sports
ll athletes were classiﬁed according to the classiﬁca-
ion of sports of 36th Bethesda Conference report [7].
n that classiﬁcation, each sport is categorized by the
evel of intensity (low, medium, and high) of dynamic and
tatic exercise generally required to perform that sport
uring competition. The increasing dynamic component
s deﬁned in terms of the estimated percent of maxi-
al oxygen uptake (VO2max) achieved and categorized as
= Low (<40% VO2max), B =Moderate (40—70% VO2max), and
=High (>70% VO2max). The increasing static component
s related to the estimated percent of maximal voluntary
ontraction (MVC) reached and categorized as I = Low (<20%
VC), II =Moderate (20—50% MVC), and III = High (>50% MVC).
onsequently, that classiﬁcation consisted of 9 categories
f sports. In the concrete, IA (riﬂe shooters, bowlers, and
olfers), IB (softball players, volley ball players, fencers,
nd baseball players), IC (ﬁeld hockey players, soccer foot-
allers, tennis players, badminton players and long distance
unners), IIA (archers and equestrians), IIB (synchronized
wimmers, ﬁgure skaters, rugby footballers, and swimmers),
IC (ice hockey players, cross-country skiers, basketball
l
w
(
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layers, and handball players), IIIA (weight lifters, sailors,
artial artists, sumo wrestlers, and gymnasts), IIIB (down-
ill skiers and judoists), and IIIC (canoeists, rowers, boxers,
nd cyclists) were classiﬁed.
xamination
he body mass index (BMI) was calculated as body weight
kg)/height (m)2. Symptom-limited maximal graded exer-
ise testing was done on an electronic bicycle ergometer
The Multi Exercise Test System, ML-1800, Fukuda-Denshi,
okyo, Japan) using a ramp protocol [8]. The exercise test
as stopped if the subject became too fatigued and could
ot continue pedaling. Following peak exercise, the subjects
ooled down for 1.5min at 60 revolutions per minute (1min
ith a 20W load and 30 s without a load). The electrocar-
iogram was recorded automatically every minute before,
uring, and after exercise test. HRR was deﬁned as the dif-
erence between the heart rate at peak exercise and that
t 2min after the ﬁnish of exercise [9].
tatistical analysis
he values are expressed as the means± SD. The HRR in
ach sports category was compared by one-way analysis
f variance with repeated measures and Fisher’s protected
east signiﬁcant difference test. Correlations of HRR with
ge and BMI were examined by Spearman’s correlation anal-
sis. HRR data for subjects performing static (sedentary, I,
I, and III) and dynamic (sedentary, A, B, and C) sports were
xamined by Pearson’s correlation analysis. Multiple regres-
ion analysis was done by using the age, BMI, static sports
sedentary = 0, I = 1, II = 2, and III = 3) and dynamic sports
sedentary = 0, A = 1, B = 2, and C = 3) as dependent variables
ersus HRR as the independent variable. A probability value
0.05 was considered signiﬁcant.
Statistical analysis was done with a Hitachi FRORA 310W
omputer (Hitachi Electronics Co., Tokyo, Japan), using the
tat View 5.0 program (SAS Institute, Inc., Cary, NC, USA).
esults
RR of the athletes and sedentary controls is shown in Fig. 1
in alphabetical order). Mean age and BMI of the subjects (in
ach sporting category) are shown in Figs. 2 and 3. The peak
R and % maximal predicted HR for age of subjects in each
porting category are shown in Figs. 4 and 5. There was no
elationship between HRR and the peak HR or %maximal pre-
icted HR for age in athletes, but there was in the sedentary
ontrols (Fig. 6). HRR in sedentary controls was smaller than
thletes except for subjects in class IIA (Fig. 7). In athletes
ith low static component of sports, HRR in class IC was sig-
iﬁcantly larger than those of class IA (p = 0.0394) and class
B (p < 0.0001). In athletes with moderate static component
f sports, HRR in class IIB and class IIC was signiﬁcantly larger
han those of class IIA (p = 0.0024 and p = 0.0002). In ath-
etes with high static component of sports, HRR in class IIIC
as signiﬁcantly larger than those of class IIIA (p = 0.0053)
Fig. 7). In univariate analysis, HRR was signiﬁcantly corre-
ated (p < 0.0001) with higher grade of dynamic classiﬁcation
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arious athletes and sedentary control.Figure 1 Heart rate recovery in v
of sports, younger age, and smaller BMI, but not corre-
lated with static classiﬁcation of sports (Fig. 8). According
to multivariate analysis, HRR was signiﬁcantly correlated
(p < 0.0001) with higher grade of dynamic classiﬁcation of
sports, younger age, and smaller BMI (Table 1).
Discussion
It is well known that HRR is related to VO2max, but as far
as we know, there have been no previous reports on differ-
ences of HRR among elite athletes from different sporting
categories. The present study showed that HRR in athletes
Figure 2 Mean age in athletes with classiﬁcation of sports and
sedentary controls.
Figure 3 Mean body mass index (BMI) in athletes with classi-
ﬁcation of sports and sedentary controls.
Figure 4 The peak exercise heart rate in athletes with clas-
siﬁcation of sports and sedentary controls.
Figure 5 % Maximal predicted heart rate for age in athletes
with classiﬁcation of sports and sedentary controls.
Table 1 Predictors of heart rate recovery (n = 720).
ˇ p
Component of static sports 0.228 0.8197
Component of dynamic sports 6.956 <0.0001
Age (years) −8.191 <0.0001
Body mass index (kg/m2) −5.433 <0.0001
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Figure 6 Relationship between heart rate recovery and the peak heart rate or % maximal predicted heart rate for age.
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modiﬁable by physical ﬁtness that affects cardiopulmonaryFigure 7 Heart rate recovery in athletes with classiﬁcation of
sports and sedentary controls.
participating in highly dynamic component of sports (class C)
was greater than that of low dynamic component of sports
(class A) in all grades of static component of classiﬁcation
of sports (classes I, II, and III). Additionally, HRR in class IC
was greater than class IB and HRR in class IIB was greater
than class IIA. There was a tendency that a higher level of
dynamic component of sports predicted larger HRR. Further-
more, younger age and lower BMI are independent predictors
of larger HRR. It is widely accepted that the improvement
in HRR caused by improved cardiopulmonary ﬁtness is due
to increased vagal tone along with an increase of VO2max
[10]. Furthermore, previous studies have shown that physi-
cal training not only improves HRR in ordinary people but
also in athletes [11]. On the other hand, several studies
f
w
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Figure 8 Correlations between heart rate recovery and the grade195
ave demonstrated that weight loss increases vagal tone in
bese people [12,13]. And we also showed that an exercise
nd weight loss program improves HRR in Japanese obese
eople [9]. In the present study, there was no relationship
etween the peak HR or % maximal predicted HR for age
nd HRR in athletes, but there was in sedentary controls.
ecently, Zaim et al. reported a relation between the peak
R attained during exercise and the subsequent HRR in 164
atients who were referred for a symptom-limited standard
ruce Protocol treadmill exercise test, based on clinical
ndications [14]. Furthermore, our previous study showed
he same relationship in 125 obese persons [9]. The rea-
on that athletes in the present study showed no relation
etween the peak HR or % maximal predicted HR for age
nd HRR could be related to differences in performing the
xercise test. All of our subjects stopped the exercise test
ecause of leg fatigue resulting in stopped pedaling before
hey developed shortness of breath. Thus, many athletes
ay not have reached their maximum cardio-pulmonary
apacity and different results may have been obtained if
e had performed a treadmill exercise test. Although the
echanisms underlying HRR are not completely understood,
everal studies have suggested that HRR is probably inﬂu-
nced by changes in vagal activity [15,10,16]. Regarding the
elationship between age and HRR, several studies showed
linear correlation between age and HRR, however, HRR isunctions (i.e. VO2max) [17,18].
Sarna et al. studied life expectancy of 2613 Finnish male
orld class athletes [1]. They concluded that life expectancy
R=-0.349
P<0.0001
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of classiﬁcation of sports, age, and body mass index (BMI).
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f participants of dynamic sports was longer than that of par-
icipants of static sports and sedentary people. Additionally,
hey showed increased mean life expectancies were mainly
xplained by decreased cardio-vascular mortality due to
heir sustained higher level of leisure time physical activity
fter competitive period. However, they did not show that
ower athletes did not have an increased life expectancy.
n Japan, there are no reports about life expectancy of
orld class athletes, so we do not have the data about
he differences in life expectancy of categories of sports.
f, like Finnish athletes, Japanese athletes sustain higher
evel of leisure time physical activity after the competitive
eriod, the same result may be given in the future about
ife expectancy and category of sports. For the moment,
ur result that higher dynamic component of participative
ports predicts larger HRR may explain in part the mech-
nisms of longer life expectancy of dynamic athletes than
tatic athletes and sedentary people. However, this is only
peculation because we have no data about the prognosis
f our subjects. Accordingly, we should follow up their life
xpectancy to verify our speculation.
tudy limitations
he ﬁrst limitation is that our study was performed with
rgometer testing, while several other studies used tread-
ill testing to determine HRR. This difference in exercise
ethods may have affected the results obtained.
The second limitation is dispersion of number of athletes
o participating sports. In the future, we should reinvesti-
ate more large subjects enough in each item of sport.
The third limitation is that we used BMI for estimation
f physique of athlete. Several studies used lean body mass
o estimate physique of athletes. The difference of BMI and
ean body mass may affect the result.
The fourth limitation is that we used classiﬁcation of
ports of 36th Bethesda conference report that is made for
ligibility recommendations for competitive athletes with
ardiovascular abnormalities. A different result might be
btained if we categorize using examination of VO2max and
VC for each subject.
onclusions
arge HRR of top athletes is predicted by increased dynamic
omponent of sports, younger age, and lower BMI.
eferences[1] Sarna S, Sahi T, Koskenvuo M, Kaprio J. Increased life
expectancy of world class male athletes. Med Sci Sports Exerc
1993;25:237—44.
[J. Nagashima et al.
[2] van Saase JL, Noteboom WM, Vandenbroucke JP. Longevity of
men capable of prolonged vigorous physical exercise: a 32 year
follow up of 2259 participants in the Dutch eleven cities ice
skating tour. BMJ 1990;301:1409—11.
[3] Yamaji K, Shephard RJ. Longevity and causes of death of ath-
letes. J Hum Ergol (Tokyo) 1977;6:15—27.
[4] Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS.
Heart-rate recovery immediately after exercise as a predictor
of mortality. N Engl J Med 1999;341:1351—7.
[5] Cole CR, Foody JM, Blackstone EH, Lauer MS. Heart rate
recovery after submaximal exercise testing as a predictor of
mortality in a cardiovascularly healthy cohort. Ann Intern Med
2000;132:552—5.
[6] Mora S, Redberg EF, Sharrett AR, Blumenthal RS. Enhanced risk
assessment in asymptopmatic individuals with exercise test-
ing and Framingham risk scores. Circulation 2005;112:1566—
72.
[7] Mitchell JH, Haskell W, Snell P, Van Camp SP. Task Force 8:
classiﬁcation of sports. J Am Coll Cardiol 2005;45:1364—7.
[8] Cooper D, Weiler-Ravell D, Whipp B, Wasserman K. Aerobic
parameters of exercise as a function of body size during growth
in children. J Appl Physiol 1984;56:628—34.
[9] Nagashima J, Musha H, Takada H, Takagi K, Mita T, Mochida
T, Yoshihisa T, Imagawa Y, Matsumoto N, Ishige N, Fujimaki R,
Nakajima H, Murayama M. Three-month exercise and weight
loss program improves heart rate recovery in obese persons
along with cardiopulmonary function. J Cardiol 2010;56:79—84.
10] Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, Yokoyama H, Takeda
H, Inoue M, Kamada T. Vagally mediated heart rate recovery
after exercise is accelerated in athletes but blunted in patients
with chronic heart failure. J Am Coll Cardiol 1994;24:1529—35.
11] Lamberts RP, Swart J, Noakes TD, Lambert MI. Changes in
heart rate recovery after high-intensity training in well-trained
cyclists. Eur J Appl Physiol 2009;105:705—13.
12] Rissanen P. Cardiac parasympathetic activity is increased by
weight loss in healthy obese women. Obes Res 2001;9:637—43.
13] Karason K. Heart rate variability in obesity and the effect of
weight loss. Am J Cardiol 1999;83:1242—7.
14] Zaim S, Schesser J, Hirsch LS, Rockland R. Inﬂuence of the
maximum heart rate attained during exercise testing on sub-
sequent heart rate recovery. Ann Noninvasive Electrocardiol
2010;15:43—8.
15] Davrath LR, Akselrod S, Pinhas I, Toledo E, Beck A, Elian D,
Scheinowitz M. Evaluation of autonomic function underlying
slow postexercise heart rate recovery. Med Sci Sports Exerc
2006;38:2095—101.
16] Billman GE, Kukielka M. Effect of endurance exercise train-
ing on heart rate onset and heart rate recovery responses to
submaximal exercise in animals susceptible to ventricular ﬁb-
rillation. J Appl Physiol 2007;102:231—40.
17] Dimkpa U, Ibhazehiebo K. Assessment of the inﬂuence of
age on the rate of heart rate decline after maximal exer-
cise in non-athletic adult males. Clin Physiol Funct Imaging
2009;29:68—73.18] Steinhaus LA, Dustman RE, Ruhling RO, Emmerson RY, Johnson
SC, Shearer DE, Shigeoka JW, Bonekat WH. Cardio-respiratory
ﬁtness of young and older active and sedentary men. Br J Sports
Med 1988;22:163—6.
